Introduction
Many studies of diet And health depend on accurate assessments of habitual intakes of food and nutrients in free living populations. Unfortunately, it has often been assumed that collecting such data is straightforward, and there has been a tendency to focus greater effort and resources on defining the correlates of health state with greater accuracy. Shortcomings in the methodology of dietary surveys may therefore have resulted in many potentially misleading data being published and may have contributed to the widespread confusion about the impact of diet on health. Recently there has been a growing awareness that measuring food intake may in fact be the most challenging problem faced in these studies.' 2 Difficulties in measuring food intake can be considered in three main categories: precision, random inaccuracy, and bias. The. precision of dietary measurements can be readily assessed and thus allowed for when determining sample size or analysing results.' Random inaccuracy may lead to false negative conclusions in epidemiological studies by reducing true associations but will not generate misleading correlations. Non-random errors, or bias, therefore emerge as the most serious problem. Although bias is recognised, its magnitude and direction has usually remained undetected as until recently there were no tech-niques to verify the methodology of dietary surveys.
The method of measuring energy expenditure that uses doubly labelled water provides an independent and objective means of validating data on dietary intake provided that subjects are in energy balance. It has been used to show serious bias in food records from obese subjects. 4 We used it to evaluate suspiciously low energy intakes recorded by a randomly selected population of adults in Northern Ireland using seven day weighed dietary records.
Subjects and methods
We studied some of the subjects who had participated in the Northern Ireland diet and health study, which assessed the intake of energy and nutrients of 592 randomly selected adults by seven day weighed dietary records (mean (SD) energy intake for men= 10 6 (2 4) MJ/day (n=258) and for women=7 1 (1 9) MJ/day (n= 334)). We used a random stratified sampling procedure to reselect subjects representing the wide range of intakes observed in the initial survey; as in all large-scale epidemiological dietary surveys the data included several low energy intakes. Seventy six subjects were invited by letter to join the current study, and 31 (16 men, 15 women) agreed to participate after follow up interviews. The rate of cooperation was related to the subjects' energy intakes, averaging 60% for those whose intake was greater than the mean and only 32% for those with intakes below the mean. The final group (table-I) represented a wide range of ages, occupations, and socioeconomic status. Some of the subjects had jobs that required manual activity, but most were in predominantly sedentary jobs. All but three of the subjects undertook regular physical exercise, often of medium to high intensity.
Ten subjects were marginally obese (grade I, body mass index 25-30 kg/m27) and three subjects had grade II obesity (body mass index 30-40 kg/M2) according to the Garrow classification.6 SEVEN DAY WEIGHED DIETARY RECORDS For seven consecutive days each subject recorded the weight of items of food and fluid consumed and of leftovers. Subjects were issued with dietary scales (Miniscale P C International, Cambridge; 2000x 1 g); a logbook for recording foods and fluids eaten at home or prepared at home for consumption elsewhere; a pocket notebook for recording foods and fluids obtained and eaten away from home; and written instructions, which included examples of completed forms. The day before recording started each subject was given a detailed explanation and shown the cumulative weighing technique and then repeated the procedure in the presence of the investigator to ensure that he or she was competent in the technique. We visited subjects daily to collect samples of urine for the doubly labelled water test, and we also monitored subjects' progress in weighing food and checked their records for completeness and accuracy.
Subjects were instructed to record brand names of foods and to provide a complete description of the method of preparation, cooking, and recipes for composite dishes; the records were used to adjust for losses during cooking. tConfidence interval between the two studies= -0-05 to + 1-34 MJ/day. A/ 4- but has been estimated to be better than +±5% in our laboratory under optimal conditions. 14 15 Further details of the technique together with methods of analysis, calculation of results, assumptions of fractionation and respiratory quotient, and estimates of error are given elsewhere.4 14 Table II summarises each subject's energy intake during the previous study and this study. The range of intakes remained the same in the women (4-30-11 67 MJ/day; coefficient of variation 27% v 4-27-11-49 MJ/day; 24%) but was lower in the present study than in the first study among the men (4-88-19-62 MJ/day; 30% v 7 03-16-38 MJ/day; 22%). Figure 1 shows the moderately high degree of reproducibility of the individual measurements (r=0-79). The slope and intercept of the regression line were not significantly different from unity and zero respectively. This is surprising as the stratified sampling protocol, which deliberately selected a disproportionate number of subjects with intakes at the extremes of the range, would be expected to produce appreciable regression towards the mean and give a slope of less than one.
CROSS VALIDATION AGAINST EXPENDITURE OF ENERGY
The mean energy intake during this study was significantly lower than the estimate ofenergy expenditure in both men (11-21 v 14-23 MJ/day, 95% confidence interval 1 -24 to 4 80 MJ/day) and women (8-00 v 9-93 M4J/day, 0 74 to 3-12 MJ/day). Figure 2 shows the data divided into thirds of energy intake. The ratio of energy intake to expenditure was close to 1 0 in the upper third of the results (men 1 01 (SE 0 11), women 0 96 (0 08)), indicating no significant bias between the two measurements. The standard errors of these estimates were consistent with the known imprecision of the two measurements; we calculated the standard error for energy intake from o the day to day standard deviation of ±25%, which gave a precision over seven days of ±9 5% (25 . V7 In the middle and lower thirds ratios of energy intake to expendii (SE 0 05) (p<0 05) and 0 70 (0-07 and 0 89 (0-05) (p<0O05) and 0 61 women, indicating significant disci ,his criterion to our used different investigators in the two studies, which energy intake (1-49 strongly suggests that the blas is not due to the observer r men and women but is inherent in the method and the impact of the resentative of their test on the subject. Bias may be greater than is of their reasonably generally appreciated. Consequently, the seven day weighed record may lose accuracy in an attempt to increase precision. This is supported by evidence from interviews with the subjects after the study, in which they all emphasised that the weighing protocol had *ted very low intakes interfered with their normal eating behaviour and that antial subgroups of they had had difficulty in maintaining motivation, particularly in the middle of the measurement period. Having to weigh snacks was named as the most onerous and irritating aspect of the procedure, and subjects admitted having omitted or simplified some measurements.
There was some evidence that subjects who recorded low intakes reported eating fewer snacks than those with high intakes, but the differences were not significant (men, three v four snacks a day; women, three v five snacks a day). Similarly, no obvious differences emerged in the type of foods eaten as snacks by the subjects. The mean energy intake from alcohol, however, was only 2-8 (SE 07)% which compared with a mean estimate of 6 0% for the United Kingdom.2 Men with low energy intakes reported lower alcohol consumption (1 2 (0 5%) of energy) than those with high intakes (3-5 (1 2)% of energy), but there was no significant difference among the women (2-5 (0-9)% v 2 9 (1-7)% of energy). As self estimation of alcohol consumption is particularly prone to underreporting2' this may have contributed to the energy deficit in some of our subjects.
It is important to note that over half of the people invited to participate in this study declined and that it was most difficult to recruit those subjects who had previously been found to have low energy intakes. The present study was therefore probably weighted in favour of more highly motivated and compliant subjects, and thus the bias is unlikely to be an overestimate of either the frequency or degree of error that would exist in more representative study populations. Such bias could generate seriously misleading associations and conclusions in epidemiological studies as the invalid results are at the extreme of the range and hence may exert a powerful effect on regression analyses. Bias could be compounded if poor compliance in assessing food intake was correlated with known variables of health risk such as excess weight, poor quality of diet, low socioeconomic status, or a profligate lifestyle including smoking and alcohol consumption.
Furthermore, the errors in estimating food intake are unlikely to be specific to the current study or to the larger Northern Ireland diet and health study, arising from inexact application of the seven day weighed intake technique. The technique was rigorously applied by trained investigators who maintained a high level of contact with their subjects. Moreover, the Northern Ireland diet and health study was regularly scrutinised by an independent panel of nutritional experts. Thus other studies in which intake may be measured less rigorously will probably be equally prone to biased underreporting of food intake. This conclusion is supported by a recent study of the habitual food intake of female university staff and students assessed by three to five day food journals, which found that true energy requirements were underestimated by 23% or 2-27 MJ/day.22
Thus it is important to consider possible ways to identify biased food records and the interpretative implications of editing data sets to exclude such data. One obvious approach is to use the physiological principles governing energy expenditure to exclude values below a predetermined threshold (for example; 1-35 x basal metabolic rate). This cut off point can be used to identify mean intakes of a group that are unrepresentative of long term habitual intake. It can also be used as a cut off for individual values; in this study nine values fell below this cut off value. It should be recognised, however, that although the individual values are unrepresentative of habitual intake, they may partially arise from the known imprecision (±9% in this study) of weighing dietary intake for seven days and do not necessarily imply false recording in any given subject.
Unfortunately the small numbers in this study did not provide definitive markers for subjects likely to provide biased estimates of intake. The observed tendency for obese subjects to diet or underreport intake, or both, during the measurement period' was confirmed in this study. Underestimation of food intake, however, was also apparent in both moderatelv overweight and normal weight subjects. Similarlv, though there was some indication that subjects of lower socioeconomic status might be more prone to underrecording, this did not reach significance, and biased records were apparent across the range of socioeconomic groups.
Further studies are in progress to try to identify correlates of underreporting and to eliminate underreporting by improving the methods used. In view of the discrepancies observed in this study an 
